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Passive Smoking and Lung Cancer 

Peggy Reynolds and Elizabeth T. H. Fontham 1 


Evidence that environmental tobacco smoke may be a risk factor for lung cancer among 
individuals who themselves have never smoked tobacco products has been the subject 
of expert review over the last decade by several United States and international 
agencies. The most recent comprehensive review, published in 1993 by the United 
States Environmental Protection Agency, concluded that environmental tobacco smoke 
is a Group A (known human) carcinogen. This report, coming in the midst of rapid 
social and political change in attitudes towards public policy implications for protecting 
human health, has been the subject of considerable discussion. Issues involved in 
these discussions, as weil as more recently published studies on the topic, are 
reviewed with respect to current thinking about the risk of lung cancer in passive 
smokers, particularly women, who are lifetime never-smokers. 
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Introduction 

For over two decades there has been scientific concern 
that involuntary exposure to tobacco smoke among 
non-smokers may constitute an important, and 
avoidable, risk to human health. There has been an 
explosion of hard scientific evidence on this topic in 
recent years. In January 1993, the United States 
Environmental Protection Agency (EPA) officially 
released its report on the Respiratory Health Effects of 
Passive Smoking (1) in an atmosphere of rapid social 
and political change regarding the perceived public 
health implications of exposure to environmental 
tobacco smoke (ETS). This analysis was designed to 
broadly address the toxicological and epidemiological 
evidence for a panoply of adverse respiratory health 
outcomes in children and adults. Included in the weight- 
of-evidence which led the EPA to classify ETS as a 
'Group A (known human) carcinogen' was a careful 


assessment of the 30 then-published epidemiological 
studies of passive smoking and lung cancer. In the few 
years since then four additional epidemiological studies 
on the topic have been published, and a combination of 
public initiatives and legislative action has resulted in 
widespread smoking restrictions throughout workplace 
and other public areas. Although ETS-associated risk 
for lung cancer among people who themselves have 
never smoked has become widely accepted by the 
scientific community, the tobacco industry has 
sponsored both adversarial scientific and public policy 
activities, including the highly publicized (but defeated) 
smoking initiative on the November 1994 California 
ballot which was designed to. neutralize statewide 
legislation to implement one of the most Stringent 
prohibitions against smoking in public places in the 
nation. The current paper is offered as a brief review of 
the scientific issues raised and new epidemiological 
evidence presented since the publication of the EPA 
report. 
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Background — Evidence from Studies 
of ETS Exposure from Spouse 

Previous Reviews 

Environmental tobacco smoke refers to involuntary 
exposure to both sidestream smoke, emitted trom a 
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burning tobacco product, as well as expired smoke 
from an active smoker. ETS is a complex mixture known 
to contain at least 43 carcinogenic constituents. Its 
effect on non-smokers has been the subject of 
systematic public health inquiry as far back as the 1972 
US Surgeon General's report on smoking (2). The 1992 
EPA report on ETS and respiratory health (1) follows the 
landmark 1986 reports of the US Surgeon General (3) 
and the US National Academy of Sciences (4), which 
concluded from the evidence at that time that ETS was 
a cause of lung cancer in non-smokers. An assessment 
reported in 1987 (5) by a committee ot the International 
Agency for Research an Cancer (1ARC), which focused 
on exposure assessment and toxicological evidence 
regarding ETS, also concluded that passive smoking 
was a probable cause of lung cancer. Even a review 
committee supported by RJR Nabisco concluded that 
the weight of the evidence by 1990 was consistent with 
residential ETS exposure and risk of lung cancer (6). 
Just prior to the release of the EPA report, the US 
National Institute for Occupational Safety and Health 
(NIOSH) concluded that the scientific evidence 
warranted the conclusion that exposure to ETS in the 
workplace posed an increased risk for lung cancer 
among occupationally exposed workers (7). 

Little evidence was available on ETS and lung cancer 
in 1972, but by 1986 there were 13 published studies 
{three prospective studies and 10 case-control studies) 
with sufficient detail for review by the National Academy 
of Sciences and the US Surgeon General, and with 
sufficient evidence to conclude that ETS posed a risk for 
lung cancer among non-smokers. The 1992 EPA report 
included over twice as many studies, 30 epidemio¬ 
logical studies in total (four prospective studies and 26 
case-control studies) from eight countries. 

In the EPA's recent comprehensive review of the 
epidemiological evidence, studies were reviewed both 
individually and collectively via meta-analysis. Because 
the most commonly reported source of ETS exposure 
across study designs was that among non-smoking 
women from a smoking spouse, this particular risk 
association was the focus of the EPA's assessment. 
Notably, 24 of the total 30 studies showed an increased 
risk for lung cancer among non-smoking women 
married to a smoking spouse (nine ot those were 
statistically significant), Furthermore, of the 17 studies 
which evaluated risk at high exposure levels ail showed 
an increased risk (nine were statistically significant), and 
ot the 14 studies which evaluated dose-response 
trends all showed increased risk with increased 
exposure (10 were statistically significant). In an 
elaborate meta-analysis, which included an assessment 
of the various study designs and an adjustment for 
possible misclassification bias from including former or 
current smokers, the EPA concluded the overall 
summary estimate of relative risk for lung cancer in non¬ 
smoking women from ETS exposure to be 1.19 (90% 
confidence interval (Cl) = 1.04-1.35). 

New Studies 

Four additional studies have been published since the 


EPA's assessment was completed. Three of those 
studies are large population-based case-control studies 
from the United States (8-10), and one is a smaller 
case-control study from China (11). Each of these 
studies concluded that ETS is a risk factor for lung 
cancer in non-smokers. 

Two studies were published in 1992, subsequent to 
the EPA's analysis but prior to the release date of the 
report. One of these, conducted by Brownson and 

associates (8), was a population-based case-control- 

study of 432 non-smoking women diagnosed with lung 
cancer in Missouri. While the estimate of relative risk for 


ever vs. never exposure to ETS in adulthood did not 
differ from unity, the estimate for qualitative reporting of 
heavily exposed women was nearly twice that of women 
without reported exposure (odds ratio (OR) = 1.8, 95% 
Cl = 1.1-2.9). In a smaller (210 cases) similarly 
designed population-based case-control study from 
Florida, Stockw_ell and associates (9) also reported 
more than a doubling of risk among women with heavy 
adult household ETS exposures (OR = 2.4, 95% 
Cl = 1.1-5.3). Both these studies offered the advantage 
of including a population-based sample of lung cancer 
cases and a relatively large number of subjects 
compared to most of the earlier studies, but both 
suffered from the disadvantage of including a very high 
proportion (roughly two-thirds) of interviews from (next- 
of-kin) informants other than the case-patient herself. In 
an analysis comparing self-respondents (n = 70) from 
husband (n = 48) or other surrogate respondent (most 
often children of the case, n = 92), the Stockweli study 
(9) demonstrated a much stronger apparent effect for 
adult exposure with self and husband sources of 
information, and a stronger effect for childhood 
exposure for information gathered from the patient 
herself. 

The third study, published in 1994 by Fontham and 
colleagues (10), represented the final results from the 
interim study findings of the 1991 paper (12) included 
in the EPA review. This case-controi study, including 
653 never-smoking women with newly diagnosed 
lung cancer from five areas of the United States 
(representing a population of nearly 18.5 million), is the 
largest and most rigorous study of its kind to date. 

The 1994 study from Harbin, China, by Wang and 
associates (11) included 114 women with lung cancer, 
55 of whom were reportedly non-smokers, and focused 
on childhood sources of ETS exposure. Although most 
results are presented for the total case group, estimated 
crude odds ratios are presented which suggest that 
most of the risk from household ETS exposures among 
both smoking and non-smoking cases comes from 
exposures before the age of 23 years. 


hjMMj 







Overview to Date 

Those case-control studies published to date for which 
an estimate of spouse (or. for some, total household) 
sources of ETS exposure is reported are summarized in 
Table 1 (13-36). Information on the number of non¬ 
smoking cases is included in the analysis of spouse's 
smoking; an estimate of the relative risk associated ever 
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being exposed to a smoking spouse, an estimate of the 
relative risk associated with the highest reported level of 
exposure to a spouse’s smoking (typically years or 
pack-years of exposure), whether or not an estimate of 


relative risk was reported for other than spouse 
exposure, whether or not the reported estimates were 
adjusted by some potential confounders, the proportion 
of interviews obtained from the case herself, the 


Table 1. Summary of case —control studies of non-smoking women with lung cancer exposed to spouses smoking. 


Study 

(country) 

Cases 

(n) 

Approximate relative risk* for 

Adjustment 

for 

confounders 

% Case 

self-respondent 

Pathological 

confirmation' 

(%) 

Power 1 

Spouse 

smoker 6 

Highest 

level 6 

Other ETS 
source 6 


Trichopolous 1981 

40 

2.1 

2.6* 

None 

No 

NA 

28 

0.45 

(Greece) 

Chan 1982 

84 

0.8 

NA 

None 

No 

NA 

82 

0.43 

(Hong Kong) 

Correa 1983 (US) 

22 

2.1 

3.5* 

CH=1.4* 

No 

NA 

97 

0.22 

Buffier 1984 (US) 

41 

0.8 

NA 

None 

No 

ia 

100 

0.17 

Kabat 1984 (US) 

24 

0.8 

NA 

CH=1.7 

No 

NA 

100 

0.17 

Koo 1987 (Hong Kong) 

86 

1.6 

1.2 

CH=0.6 

Age + others 

100 

94 

0.43 

Wu 1985 (US) 

12 

1.2 

2.0 

CH=1.7 

WK=2,3 

Age + location 

100 

100 

0.21 

Garfinkel 1985 (US) 

134 

1.3 

2.1* 

CH=0.9 

Age + hospital 

12 

100 

0.60 

Akiba 1986 (Japan) 

94 

1.5 

2.1 

None 

Age 

16 

53 

0.42 

Lee 1986 (UK) 

32 

0.8/1.6 9 

NA 9 

WK-0.6 

OTH=0.6 

Age 

53 

NA 

0.20 

Brownson 1987 

19 

NA 

1.7 

None 

Age + o1hers 

31 

100 

0.15 

(US) 

Gao 1987 (China) 

246 

1.3 

"! 7* 

CH=1.1 

Age + education 

100 

43 

0.66 

Humble 1987 

20 

2.2 

2.1 

None 

Age + ethnicity 

49 

83 

0.20 

(US) 

Lam 1987 

199 

1.7* 

2.1* 

None 

No 

100 

too 

0.73 

(Hong Kong) 

Pershagen 1987 

67 

1.2 

3.2* 

CH = 1.0 

Age 

NA 

NA 

0.45 

(Sweden) 

Geng 1988 (China) 

54 

2.2’ 

3.3* 

None 

No 

100 

85 

0.32 

Inoue 1988 (Japan) 

22 

2.3 

3.1* 

None 

Age 

NA 

NA 

0.17 

Shimizu 1988 
(Japan) 

90 

1.1 

NA 

WK=1.2 

OTH=4.0* 

No 

100 

100 

0.37 

Svensson 1989 

34 

1.2 

NA 

CH=3.3 

Age 

100 

70 

0.24 

(Sweden) 

Janerich1990 

191 

0.9/0.4 9 

1.1 

CH=2.1* 

No 

68 

99 

0.44 

(US) 

Kalandidi 1990 

90 

1.9* 

1.9 

None 

Age 

100 

48 

0.39 

(Greece) 

Sobue 1990 

144 

1.1 

NA 

OTH=1.6 

Age 

100 

100 

0.66 

(Japan) 

Wu-Williams 1990 
(China) 

417 

0.7* 

NA 

CH=1.0 
WK=1.1 

Age + others 

100 

74 

0.89 

Fontham 1991 
(US) 

420 

1.3* 

1.3 

CH=0.9 
WK=1.3* 
OTH = 1.6* 

Age 4- others 

66 

100 

0.93 

Liu 1991 (China) 

54 

o.a 

NA 

None 

Others 

100 

17 

0.18 

Brownson 1992 
(US) 

432 

1.0 

13* 

CH=0 3 
WK=1.2 

Age-pothers 

35 

NA 

0.97 

Stockwell 1992 

210 

1.6 

2.4* 

CH=2.4* 

Age-pothers 

33 

100 

0.57 

(US) 

Fontham 1994 

(US) 

653 

1.3’ 

1.8* 

CH=0.9 
WK=1.4* 
OTH=1.5* 

Age + others 

63 

100 

0.96 

Wang 1994 (China) 

55 

0.9 

NA 

CH=3.5* 

No 

NA 

NA 

0.24 


*90% confidence interval excludes 1.0. 

“Relative risk approximated via odds ratio; same point estimates from additional information in EPA report. 

“Except for Chan, Buffier, Koo, Janerich and Liu — all of whom reported adult household exposure. 

“Measured as cigarettes per day, years, or pack-years of exposure, 

d CH =childbood (maternal, paternal or household) exposure: WK=workplace exposure; OTH=other exposure source. 
“Extracted from the EPA report if not otherwise provided. 

'Power of ihe study to detect at least RH= 1.5 (<j= 0.05) for ETS effect. Extracted from the EPA report if provided, otherwise 
independently determined. Estimate for Stockwell study assumes exposure prevalence from Fontham (10). 

9 Odds ratios for self-respondents/proxy respondents. 
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proportion of cases with pathological confirmation and 
the estimated power of the study to detect a minimum 
relative risk of t.5. 

Most of these studies were originally designed to 
elucidate general risk factors for lung cancer, and 
included information on personal and spouse smoking 
habits which provided the opportunity to examine the 
small proportion of non-smoking cases for ETS- 
associated risks. The Fontham multicentre study (10, 
12) is the only US study designed explicitly to assess 
the effect of passive smoking on lung cancer among 
lifetime never-smoking women. As reviewed in the EPA 
document, the 1991 study (12) represents the first 3 
years of data for the full study which was published in 
1994 (10). Although both papers really represent one 
study, both are referenced on the table for comparison 
purposes. Only nine (five from the US) of the 28 studies 
included more than 100 cases and had better than a 
50% chance (power) to detect as much as a 50% 
elevation in ETS-associated risk. These few studies 
typically included only histologically or cytologically 
confirmed primary lung cancers, and most had some 
adjustment for confounders. Reliance on proxy (next-of- 
kin) respondents varied widely, from two-thirds of all 
interviews in the Stockwell (9) and Brownson studies (8) 
to only one-third in the Fontham (10) and Janerich (32) 
studies. Some studies excluded people who had died 
by the time of the interview (16, 19, 24, 26, 35). All but 
three of these studies suggest an elevated risk for lung 
cancer associated with exposure to a smoking spouse. 

Also reviewed by the EPA were the few cohort studies 
which examine the relationship between lung cancer 
mortality in non-smoking women and exposure to a 
spouse's smoking. These are listed in Table 2. One of 
the largest and best known of these is the study by 
Hirayama (37), which followed a cohort of nearly 
100000 non-smoking Japanese women for 16 years for 
mortality, and found a significantly elevated risk 
associated with exposure to a smoking spouse. This 
finding is at odds with the larger and earlier American 
Cancer Society volunteer study, which found no such 
association (38), although spouse smoking status was 
only available for fewer than half of the female non- 
smokers enrolled in the ACS study. Since then two 


smaller studies have been reported, one a dissertation 
on Seventh Day Adventists in the US (39) and one 
published from Scotland (40), neither of which has 
sufficient power to detect an effect like that reported by 
Hirayama but both of which suggest an elevated risk. In 
general, while the cohort studies contribute to the 
weight of the evidence, none was designed to evaluate 
specifically the relationship between ETS and lung 
cancer. 


Criticisms of the Epidemiological 
Evidence 

The EPA report (i), following in the tradition of an earlier 
series of expert collaborative review efforts (2—6), 
presents an impressive and compelling case that ETS is 
a cause of lung cancer in non-smokers. There have, 
however, been a number of criticisms levelled at the 
recent EPA assessment of the epidemiological 
evidence, particularly during the rather contentious 1994 
California election campaign around the Philip Morris 
sponsored ballot initiative ('California Uniform Tobacco 
Control Act'), and in reaction to numerous other state 
and federal legislative efforts. These are discussed in a 
follow-up document of the EPA (41), but are also 
reviewed briefly below. 

Evidence from the US Studies vs. that from Other 
Countries 

The suggestion has been made that if the evidence for 
spousal ETS exposure was considered only from the 11 
US studies included in the EPA report, one could not 
draw a conclusion of elevated risk because none of the 
simple overall risk measures demonstrated a statistically 
significant effect. Reliance on a single measure or 
'statistical significance' overlooks a number of features 
of these studies. The most notable is that most of the 
published studies as of 1992 included very small 
numbers of cases and lacked sufficient power to detect 
a risk relationship in the range that has been observed 
for ETS. Seven of the 11 US studies included fewer than 


Table 2. Summary of cohort studies of passive smoking and lung cancer In non-smoking women. 


Study 

(country) 

Women 
in the 
cohort ( n) 

Lung 
cancer 
deaths ( n) 

RR a 

spouse 

smoker 0 

RR a 

highest 

level" 

Adjustment 

for 

confounders 

Excluded 
secondary 
lung cancers 

Pathological 

confirmation 

(%> 

Power* 1 

Garfinkle 1981 
(US) 

176739 

153 

1.2 

1.1 

Age + others 

No 

NA 

0.92 

Hirayama 1984 
(Japan) 

91 540 

200 

1.6 

1.9 

Age of husband 

No 

NA 

0.75 

Butler 1988 
(US) 

9207 

8 

2.0 

NA 

Age 

Yes 

100 

0.18 

Hole 1989 
(Scotland) 

1784 

6 

2.4 

NA 

Age + social class 

No 

NA 

0.09 


"Relative risk. 

"Hole study looked at ‘cohabitees'. 

"Measured as cigarettes per day, years, or pack-years of exposure. 

"Power of the study to detect at least RR = 1.5 (a=0.05) for ETS effect. Extracted from the EPA report if provided, otherwise 
independently determined. 
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45 cases. Despite this, and the variations in study 
design and analysis, it is striking that ali of the US 
studies that evaluated risk by amount of spouse 
exposure found elevated risks in the highest exposure 
group, it is aiso conceivable that a focus on spouse 
exposure overlooks the broader potential for other 
exposure sources, especially the workplace. American 
women may have joined the workforce in large numbers 
earlier than their Japanese, Chinese or Greek 
counterparts. 

EPA Report Excluded two 1992 Studies 

Some critics maintain that if the 1992 Brownson study 
(8) had been included in the EPA review the agency 
could not have concluded that there was an ETS effect 
on lung cancer in non-smokers. Two studies were 
published in 1992 after the cut-off date for the EPA 
review. While the larger of the two, the Brownson study, 
reported an estimated summary relative risk of 
approximately 1,0 for spouse exposure, the Stockwell 
study (9) reported an estimated summary relative risk 
higher than that from many other studies (OR = 1.6). 
Both studies, however, found significantly higher risks 
among women with high levels of reported exposure. 
Both studies contribute to the weight of the evidence for 
an ETS effect. 

Selection Criteria for Statistical Significance 

The EPA's use of a 90% Cl, rather than 95%, to present 
summary results has been interpreted by some as a 
departure from usual practice and a move to support a 
predetermined conclusion. The EPA choice of the 90% 
Cl for evaluating the ETS-associated risk for lung cancer 
was based on the a priori assumption (from other 
sources of scientific evidence) that ETS was likely to 
pose a risk, rather than act as a protective factor, for 
lung cancer and, as such, the 90% Cl corresponds to a 
95% Cl for a one-tailed test of significance. Similar 
criteria have been used in other EPA assessments of 
cancer risk associated with suspected environmental 
carcinogens, such as radon, nickel and dioxin. 

Meta-analysis 

Some critics claim that the EPA's use of meta-analysis 
to generate a summary estimate of risk was 
inappropriate or incorrect, The EPA summary measure 
formed the basis for the estimate that 3000 lung cancer 
deaths a year in US non-smokers can be attributed to 
ETS exposure. While meta-analysis techniques provide 
a valuable opportunity to try to pool findings from a 
collection of smaller studies to evaluate the bigger 
picture, differences in the design and quality of studies 
require the use of variable decision rules which often 
mitigate to make the interpretation of results difficult, as 
has been demonstrated for ETS and lung cancer (42, 
43). The EPA use of meta-analysis, however, does not 
form the sole basis for finding ETS to be a human 
carcinogen. That finding stands on a broader view of 


the weight of the evidence from both epidemiological 
and toxicological studies. 

Confounders 

One of the most common criticisms is that some 
unknown confounder might explain the apparent 
association between ETS and lung cancer. Certainly 
there is evidence that non-smoking women who are 
passive smokers may differ from non-smoking women 
who are not with respect to a number of social and 
behavioural factors that may be associated with lung 
cancer risk {44, 45). Few of the published studies 
provide estimates of relative risk which are adjusted for 
factors other than age. It is notable, however, that in 
those studies which do systematically evaluate the 
contribution of' other risk factors that have been 
demonstrated or hypothesized to be associated with 
lung cancer, such adjustment has little or no effect on 
the estimate for ETS. In the Fontham study (10), for 
example, the relative risk estimate associated with 
involuntary exposure to spouse's smoking of any 
tobacco product, adjusted for age, race, study area, 
education, employment in a high risk occupation, family 
history of iung cancer and several dietary factors (fruit 
consumption, supplemental vitamin index and dietary 
cholesterol) is 1.29 (95% Cl = 1.04-1.60). This is almost 
indistinguishable from the relative risk estimate with no 
adjustment of 1.26 (95% Cl = 1.04-1.54). This is not 
surprising because, as Thornton et al. (45) demonstrate, 
a potential confounder such as education or diet would 
need to have a relative risk of greater than 4.0 in order 
to explain an observed ETS relative risk of 1,2. While it 
is possible that an as yet unknown factor could 'explain' 
the ETS association, it would itself have to be a strong 
predictor for lung cancer and highly associated with 
passive smoking dose and duration. 

Inference for Workplace Exposure 

Because the strength of the EPA classification of ETS as 
a Group A carcinogen may have regulatory implications 
in workplace and other public settings, some critics 
raised concern that the primary EPA analyses were 
predicated on exposure to a smoking spouse rather 
than other exposure sources. In fact, however, the EPA 
report does discuss evidence from other exposure 
sources. The focus on spouse exposure was due to the 
fact that it represents the exposure source most 
common across studies, The study of Los Angeles 
women by Wu (19) suggests that workplace ETS 
exposure may pose a comparable, or even greater, risk 
to that from a smoking spouse. Importantly, the results 
of the recent Fontham study (10) demonstrate a 
consistently elevated risk relationship between ETS and 
lung cancer from each source of adult exposure 
examined: spouse, other household members, 
workplace and social settings. In that study the 
estimated relative risk tor workplace exposure overall 
was 1.4 (95% Cl = 1.1-1.7), and 1.9 (95% Cl - 1.2-2.8) 
among workers reporting 30 or more years of exposure 
compared to non-exposed women. 
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A number of other studies have also suggested that 
workplace sources of ETS exposure may be important 
risk factors for lung cancer in the non-smoker (19, 31). 
Akiba (21) found that among wives employed in blue 
collar occupations exposure to a heavy smoking 
spouse imparted a relative risk of 10.4 (95% Cl = 1.6- 
66.7), substantially higher than the relative risks for 
housewives (1.5) or white-coliar women (1.6) exposed 
to ETS from a heavy-smoking spouse. Humble’s study 
(25) of non-smoking women also suggested the 
possibility of an ETS-asbestos exposure interaction. 
Workplace sources of ETS risk have also been the 
subject of concern beyond the epidemiological studies. 
Repace and Lowrey (46) conducted a risk assessment 
suggesting that the level of ETS exposures in worksites 
without effective smoking policies may pose an 
important elevated risk to a substantial number of non¬ 
smoking workers, and a review by Siegel (47) further 
suggests that without smoking restrictions, ETS 
exposure to restaurant workers substantially exceeds 
that for most office workers. 


Other Issues Regarding the 
Epidemiological Evidence 

Histological Confirmation/Specificity 

Many of the earlier studies of passive smoking and lung 
cancer included cases whether or not they were 
histologically confirmed as first lung primary cancers. In 
more recent years, particularly in the US studies, cases 
have been identified through population-based tumour 
registries which characteristically use pathology 
laboratories as the primary source for case-finding and 
have high rates of histologically confirmed disease. In 
the case of the Fontham study (10, 12), eligible case 
diagnostic slides were additionally reviewed by an 
independent pathologist before being accessioned into 
the study. 

The availability of histological detail has given rise to 
an apparent anomaly in the passive smoking literature. 
The earlier case-control studies, particularly those of 
Correa et al. (15) and Garfinkel (20), suggested that 
ETS-exposed cases of fung cancer might exhibit a 
higher proportion of squamous and small-ce/l tumours 
(Kreyberg type I tumours), as would be expected in 
active smokers, and that the ETS-effect should be 
stronger for those cell types. Indeed, some studies have 
demonstrated stronger risk relationships for non¬ 
adenocarcinomas (8, 9, 15, 20, 26, 27). Many of the 
more recent larger studies, however, have provided 
evidence for a stronger risk relationship for 
adenocarcinomas (10, 12, 19, 23), the predominant cell 
type among women with lung cancer. This finding for 
tumours in the more peripheral areas of the lung has 
been suggested to be consistent with penetration by the 
smaller particle size associated with sidestream smoke, 
as opposed to the mainstream smoke inhaled by the 
smoker (48). 


Misclassification of Smoking Status 

Critical to assessments of the ETS risk relationship is 
the accurate identification of cases who are truly lifetime 
nevar-smokers. Studies of current non-smokers which 
do not exclude former smokers may artefactualiy 
increase apparent risk for lung cancer. Many of the 
published studies have relied on medical records or 
next-of-kin sources of information on the lifetime 
smoking status of the identified patients. Hence the ERA 
summary (1) included a detailed assessment of, and 
adjustment for, such potential misclassification across 
studies. Two of the most recent studies also included a 
protocol to assess multiple sources of information on 
the patients’ smoking history (9, 10), and one included 
cotinine analyses to determine concurrent misreporling 
on the part of the subject (10), These are also two of the 
recent studies that provide some of the strongest 
evidence for an ETS effect. 

Recall Bias 

The concern that patients newly diagnosed with a life- 
threatening disease may be more inclined than healthy 
subjects to recall exposures which might have 
contributed to their illness is endemic to retrospective 
research which relies on self-report. This is one major 
advantage that prospective cohort studies have over 
case-control studies. The general consistency of the 
evidence from the cohort studies, which followed 
subjects for lung cancer mortality for many years after 
the collection of risk factor data, argues against recall 
bias as the explanation for the findings from the case- 
control studies. One of the major objectives of the US 
multicentre effort reported by Fontham (12) was to 
specifically evaluate this potential source ol bias by 
including two control groups: healthy population 
controls and colon cancer controls (for which a similar 
process of recall could be expected to operate and for 
which ETS is unlikely to impart risk). Estimated relative 
risks were equivalent for the two control groups, ETS- 
associated elevated risks have aJso been reported from 
other studies which used cancer patients or other 
hospitalized patients as controls (13, 15, 20, 31). 
Furthermore, some investigators have evaluated the 
apparent risk relationship for different sources of 
interview information, with mixed results (9, 20, 22). 


Summary of the Evidence to Date 

A great deal of epidemiological evidence has 
accumulated on the relationship between involuntary 
environmental tobacco smoke exposure and risk of lung 
cancer in non-smokers over the last decade. This 
cumulative evidence has been the suhject of intensive 
expert review on the part of the US National Academy 
Sciences, the US Surgeon General and the US 
Environmental Protection Agency. Because lung cancer 
is a rare event among non-smokers, and because of the 
limitations of studying such associations in human 
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populations, most studies have been small with low 
power to detect such a risk association. Despite this 
and despite vast differences in populations studied, 
design and data quality, there is a striking consistency 
across studies suggesting a small but real risk for lung 
cancer among non-smokers exposed to the tobacco 
smoke of others. This is unlikely to be due to 
publication bias (49) or chance. It should also be 
remembered that secondhand smoke is a well- 
established contributor to a number of respiratory 
conditions in children {including pneumonia, bronchitis 
and asthma) (1) and has been suggested to play a role 
in cardiovascular disease in non-smoking adults (50). 
While ETS exposure does not explain all lung cancer in 
non-smokers, it represents a sufficient avoidable risk for 
developing this and other diseases to be the current 
focus of widespread changes in public policy. 
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